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(54) TERMINAL, BASE STATION, AND COMMUNICATION METHOD

(57) A terminal includes a control unit that measures,
for a first component carrier and a second component
carrier forming a carrier aggregation in a case where the
carrier aggregation is to be executed, a difference be-
tween a timing at which a radio frame is received on the

first component carrier and a timing at which a radio frame
is received on the second component carrier; and a trans-
mission unit that transmits information indicating the dif-
ference measured by the control unit.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a terminal, a
base station, and a communication method in a radio
communication system.

BACKGROUND ART

[0002] When a carrier aggregation (CA: Carrier Aggre-
gation) is performed, multiple component carriers (CC:
Component Carrier) forming the carrier aggregation are
assumed to be synchronized. Namely, a boundary of a
radio frame in a first component carrier and a boundary
of a radio frame in a second component carrier forming
the carrier aggregation are assumed to match.
[0003] In practice, however, when the base station is
installed, the geographical location of the first transmit-
ting point for transmitting the first component carrier form-
ing the carrier aggregation may not be situated at the
same location as the geographical location of the second
transmitting point for transmitting the second component
carrier forming the carrier aggregation, as in the case of,
for example, an extended base station 20 for which an
optical communication line is adopted. Even if the geo-
graphical location of the first transmitting point for trans-
mitting the first component carrier forming the carrier ag-
gregation is situated at the same location as the geo-
graphical location of the second transmitting point for
transmitting the second component carrier forming the
carrier aggregation, these component carries may have
different radio wave propagation paths. As a result, even
if a first signal transmitted on the first component carrier
and a second signal transmitted on the second compo-
nent carrier are transmitted at the same timing from the
transmission point, the timing at which the first signal
reaches the terminal 10 may differ from the timing at
which the second signal reaches the terminal 10.

Related Art Document

[Non-Patent Document]

[0004] Non-Patent Document 1: 3GPP TS 38.331
V15.8.0(2019-12)

SUMMARY OF THE INVENTION

[PROBLEM TO BE SOLVED BY THE INVENTION]

[0005] In the case of configuring carrier aggregation
as described above, the maximum allowable value of a
receive timing difference between CCs received by a ter-
minal is specified as a maximum receive timing difference
(MRTD).
[0006] There is a need for a technology that enables
a base station to keep track of a difference in reception

timings of radio frames between CCs at a terminal during
CA.

[MEANS FOR SOLVING THE PROBLEM]

[0007] According to an aspect of the invention, a ter-
minal including a control unit that measures, for a first
component carrier and a second component carrier form-
ing a carrier aggregation in a case where the carrier ag-
gregation is to be executed, a difference between a timing
at which a radio frame is received on the first component
carrier and a timing at which a radio frame is received on
the second component carrier; and a transmission unit
that transmits information indicating the difference meas-
ured by the control unit.

[ADVANTAGE OF THE INVENTION]

[0008] According to one embodiment, a technique is
provided that enables a base station to keep track of a
difference in reception timings of radio frames between
CCs at a terminal during CA.

BRIEF DESCRIPTION OF DRAWINGS

[0009]

FIG. 1 is a diagram illustrating an example of a con-
figuration of a radio communication system accord-
ing to an embodiment.
FIG. 2 is a diagram illustrating CA-ParametersNR
that is an information element included in UE capa-
bility.
FIG. 3 is a diagram illustrating an example of a shift
in reception timings for receiving radio frames be-
tween CCs at a terminal during CA.
FIG. 4 is a diagram illustrating an example of a func-
tional configuration of a base station according to an
embodiment.
FIG. 5 is a diagram illustrating an example of a func-
tional configuration of a terminal according to an em-
bodiment.
FIG. 6 is a diagram illustrating an example of a hard-
ware configuration of the base station and the termi-
nal according to an embodiment.

[EMBODIMENTS OF THE INVENTION]

[0010] In the following, embodiments of the present
invention are described with reference to the drawings.
The embodiments described below are merely exam-
ples, and the embodiments to which the present invention
is applied are not limited to the following embodiments.
[0011] It is assumed that a radio communication sys-
tem in the following embodiments basically conform to
LTE, but this is merely an example, and the radio com-
munication system in the embodiments may partially or
entirely conform to a radio communication system (for
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example, LTE-A, NR) other than the LTE.

(Overall System Configuration)

[0012] FIG. 1 illustrates a configuration diagram of the
radio communication system according to the embodi-
ments. As illustrated in FIG. 1, the radio communication
system according to the embodiments includes a termi-
nal 10 and a base station 20 (which may be a base station
simulator). In FIG. 1, one piece of the terminal 10 and
one piece of the base station 20 are illustrated, but this
is an example, and a plurality of the terminals 10 and a
plurality of the base stations 20 may be provided. Note
that, in a case where a base station simulator is used
instead of the base station 20, instead of configuring a
cell as illustrated in FIG. 1, a test environment may be
formed by connecting the base station simulator and the
terminal 10 by using a coaxial cable or the like after plac-
ing a fading simulator, an attenuator, and the like that
intervene between the base station simulator and the ter-
minal 10.
[0013] The terminal 10 is a communication device such
as a smart phone, a portable telephone, a tablet, a wear-
able terminal, and a communication module for machine-
to-machine (M2M) which have a radio communication
function. The terminal 10 is wirelessly connected to the
base station 20, and utilizes various types of communi-
cation services provided by the radio communication sys-
tem. The base station 20 is a communication device that
provides one or more cells, and wirelessly communicates
with the terminal 10.
[0014] In the embodiments, a duplex method may be
a time division duplex (TDD) method or a frequency di-
vision duplex (FDD) method.
[0015] In addition, in the embodiments, a radio param-
eter or the like is "configured" or "specified" may mean
that a predetermined value is preconfigured in the base
station 20 or the terminal 10, a predetermined value is
assumed to be preconfigured in the base station 20 or
the terminal 10, or a radio parameter transmitted from
the base station 20 or the terminal 10 is configured.
[0016] The base station 20 is a communication device
that provides one or more cells to perform wireless com-
munication with the terminal 10. The physical resources
of radio signals are defined in the time domain and the
frequency domain. The time domain may be defined in
the number of OFDM symbols (i.e., slots, subframes,
symbols, time resources shorter than the symbols, or the
like), and the frequency domain may be defined in the
number of subcarriers or the number of resource blocks.
The base station 20 transmits synchronization signals
and system information to the terminal 10. The synchro-
nization signals are NR-PSS and NR-SSS, for example.
A part of the system information is transmitted on the NR-
PBCH, for example, and is also called broadcast infor-
mation. The synchronization signal and broadcast infor-
mation may be transmitted periodically as the SS block
(SS/PBCH block) formed of a predetermined number of

OFDM symbols. The base station 20 transmits a control
signal or data to the terminal 10 in the downlink (DL), and
receives a control signal or data in the uplink (UL) from
the terminal 10. Both the base station 20 and the terminal
10 are capable of using beam forming to transmit and
receive signals. Reference signals transmitted from the
base station 20 include a channel state information ref-
erence signal (CSI-RS), and channels transmitted from
the base station 20 include a physical downlink control
channel (PDCCH) and a physical downlink shared chan-
nel (PDSCH).
[0017] In a case where carrier aggregation (CA: Carrier
Aggregation) is performed between the base station 20
and the terminal 10, multiple component carriers (CC:
Component Carrier) forming the carrier aggregation are
assumed to be synchronized.
[0018] Namely, a boundary of a radio frame in a first
component carrier and a boundary of a radio frame in a
second component carrier forming the carrier aggrega-
tion are assumed to match. Note that the number of com-
ponent carriers is not limited to 2, but may be 3 or more.
[0019] In practice, however, when the base station 20
is installed, the geographical location of the first trans-
mitting point for transmitting the first component carrier
forming the carrier aggregation may not be situated at
the same location as the geographical location of the
second transmitting point for transmitting the second
component carrier forming the carrier aggregation, as in
the case of, for example, an extended base station 20
for which an optical communication line is adopted.
[0020] Even if the geographical location of the first
transmitting point for transmitting the first component car-
rier forming the carrier aggregation is situated at the same
location as the geographical location of the second trans-
mitting point for transmitting the second component car-
rier forming the carrier aggregation, these component
carries may have different radio wave propagation paths.
As a result, even if a first signal transmitted on the first
component carrier and a second signal transmitted on
the second component carrier are transmitted at the
same timing from the transmission point, the timing at
which the first signal reaches the terminal 10 may differ
from the timing at which the second signal reaches the
terminal 10.
[0021] In the case of configuring the carrier aggrega-
tion as described above, the maximum allowable value
of a receive timing difference between CCs received at
the terminal 10 is specified as a maximum receive timing
difference (MRTD) at the 3GPP meeting.
[0022] Depending on the band combination of CA, the
terminal 10 may not be able to perform transmission and
reception simultaneously. The terminal 10 may use the
UE capability (i.e., simultaneous Rx/Tx) to report, on a
per band combination basis, whether the terminal 10 can
simultaneously perform transmission and reception.
[0023] FIG. 2 is a diagram illustrating an example of
CA-ParametersNR that is an information element includ-
ed in the UE capability. The information element CA-Pa-
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rametersNR includes a capability regarding carrier ag-
gregation defined per band combination. If the parameter
simultaneousRxTxInterBandCA is set in the information
element CA-ParametersNR for a band combination of
the carrier aggregation, the terminal 10 can simultane-
ously perform transmission and reception in this band
combination.

(Problem)

[0024] During CA, even if a difference in reception tim-
ings of radio frames between the CCs at the terminal 10
exceeds the MRTD, which results in the degradation of
reception characteristics of the terminal 10, communica-
tion by the CA is in some cases more effective than com-
munication by a single carrier.
[0025] As described above, during the CA, if the com-
munication by the CA can be assumed to be more effec-
tive than communication by a single carrier despite the
fact that a difference in reception time of the radio frames
between the CCs at the terminal 10 exceeds the MRTD,
it is desirable to be able to dynamically control whether
to implement CA at the base station 20. In order to dy-
namically control whether to implement CA at the base
station 20, it is desirable for the base station 20 to be
able to keep track of a difference in reception timings of
the radio frames between CCs at the terminal 10.
[0026] Accordingly, there is a need for a function to
report, from the terminal 10 to the base station 20, a dif-
ference in reception timings of radio frames between
CCs.
[0027] However, at present, the function to report, from
the terminal 10 to the base station 20, a difference in
reception timings of radio frames between CCs is not
defined.
[0028] Accordingly, in the case of executing CA in the
present circumstances, the value of the MRTD is esti-
mated at the time of installing the base station 20, and,
then, the estimated value of the MRTD is used to deter-
mine whether the area of the base station 20 is a feasible
area for implementing CA.
[0029] FIG. 3 is a diagram illustrating an example of a
shift in reception timings of radio frames between CCs
at the terminal 10 during CA. In the example illustrated
in FIG. 3, TDD is applied in both of the two component
carriers that form the CC. In this case, if reception timings
of the radio frames are shifted between the CCs, a case
can be considered in which uplink (UL) overlaps downlink
(DL) between the CCs, as illustrated in the example of
FIG. 3. In this case, for a band combination that does not
support simultaneous transmission and reception by the
terminal 10, the terminal 10 can only perform either UL
transmission or DL reception. In such a case, no rules
are explicitly defined as to whether the terminal 10 is to
prioritize UL transmission or DL reception. When CA is
executed between the CCs having a difference greater
than or equal to MRTD, it is unclear how greatly the trans-
mission and reception of data is affected.

(Proposal 1)

[0030] In the case of executing carrier aggregation, a
function to report from the terminal 10 to the base station
20 a difference in reception timings of radio frames be-
tween CCs may be defined.
[0031] For example, a system frame number (SFN)
and frame boundary timing difference (SFTD) measure-
ment/report scheme may be used as the function to report
from the terminal 10 to the base station 20 a difference
in reception timings of radio frames between the CCs.
[0032] Here, the SFTD is a function that allows the ter-
minal 10 to report the SFN and frame timing upon request
from a target candidate PSCell in order to configure the
SMTC window (SSB-based RRM measurement timing
configuration window) in the PSCell before configuring
dual connectivity. The SFTD is supposed to be used pri-
marily in asynchronous networks.
[0033] When the terminal 10 reports a difference in re-
ception timings of radio frames between CCs to the base
station 20, the terminal 10 may report the difference to-
gether with a measurement report regarding the relevant
CCs, or may report it separately. Furthermore, when the
terminal 10 reports the difference in reception timings of
the radio frames between CCs to the base station 20,
the measurement period may be periodic or aperiodic.
The base station 20 may configure whether the meas-
urement period is periodic or aperiodic (which may be
configured for the terminal 10 by using RRC signaling
from the base station 20).
[0034] When carrier aggregation has already been ex-
ecuted, the terminal 10 may select the CCs forming the
carrier aggregation as the CCs to be measured.
[0035] When carrier aggregation has not been execut-
ed, the terminal 10 may measure a difference in reception
timings of radio frames between a different frequency set
by measobjectNR and a serving cell.
[0036] The CCs to be measured may be reported to
the terminal 10 in advance (i.e., configured in advance)
by the base station 20.

(Proposal 2)

[0037] Rules for data transmission and reception may
be clarified for the case in which CA is executed using
CCs with a difference in reception timings of radio frames
that is greater than or equal to the MRTD.
[0038] For example, in the case in which a band com-
bination forming the CA is the band combination that does
not support simultaneous transmission and reception at
the terminal 10, the terminal 10 may prioritize the trans-
mission and reception of data on the CC that is either the
PCell (primary cell) or the PSCell (primary secondary
cell), regardless of whether the portion overlapping be-
tween the CCs is UL transmission or DL reception.
[0039] For example, in the case in which a band com-
bination forming the CA is the band combination that does
not support simultaneous transmission and reception at
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the terminal 10, the terminal 10 may prioritize UL trans-
mission or DL reception based on whether information
needed to transmit and receive data, such as a reference
signal and/or a control channel, has been acquired. For
example, when the terminal 10 is unable to receive PD-
CCH and/or Tracking RS, the terminal 10 may prioritize
the UL transmission.
[0040] For example, the terminal 10 may report to the
base station 20 a difference in reception timings of radio
frames between the CCs. The base station 20 may per-
form scheduling control by taking into consideration the
difference in reception timings of radio frames between
the CCs and the priority levels of the DL transmission
and the UL reception at that moment.
[0041] In the above-described embodiments, the
number of CCs is not limited to 2, and the number of CCs
may be three or more. When carrier aggregation is
formed by a PCell, an SCell-1, and an SCell-2, the ter-
minal 10 may measure a difference between the timing
at which the terminal 10 receives a radio frame in the
PCell and the timing at which the terminal 10 receives a
radio frame in the SCell-1, and may also measure a dif-
ference between the timing at which the terminal 10 re-
ceives a radio frame in the PCell and the timing at which
the terminal 10 receives a radio frame in the SCell-2. For
example, when a difference between the timing at which
the terminal 10 receives a radio frame in the SCell-1 and
the timing at which the terminal 10 receives a radio frame
in the SCell-2 is less than the difference between the
timing at which the terminal 10 receives a radio frame in
the PCell and the timing at which the terminal 10 receives
a radio frame in the SCell-1, and is also less than the
difference between the timing at which the terminal 10
receives a radio frame in the PCell and the timing at which
the terminal 10 receives a radio frame in the SCell-2,
carrier aggregation may be performed by changing the
PCell to either one of the SCell-1 and the SCell-2.

(Device configuration)

[0042] In the following, examples of functional config-
uration of the terminal 10 and the base station 20 that
execute the above-described processing operation are
described. The terminal 10 and the base station 20 in-
clude all the functions described in the embodiments.
However, it suffices for the terminal 10 and the base sta-
tion 20 to include only a portion of the functions described
in the embodiments.

<Terminal>

[0043] FIG. 4 is a diagram illustrating an example of
the functional configuration of the terminal 10. As illus-
trated in FIG. 4, the terminal 10 includes a transmission
unit 110, a reception unit 120, and a control unit 130. The
functional configuration shown in FIG. 4 is only an exam-
ple. The manner of function segmentation and the names
of functional blocks do not matter as long as the opera-

tions of the embodiments can be performed.
[0044] The transmission unit 110 generates transmis-
sion signals from transmission data, and transmits the
transmission signals wirelessly. The reception unit 120
receives various signals wirelessly, and acquires higher-
layer signals from the received physical-layer signals.
The reception unit 120 includes a measuring unit that
measures a received signal to acquire a reception power
and the like.
[0045] The control unit 130 controls the terminal 10.
The function of the control unit 130 relating to transmis-
sion may alternatively be included in the transmission
unit 110, and the function of the control unit 130 relating
to reception may alternatively be included in the reception
unit 120.
[0046] In the case of carrier aggregation being config-
ured by CC1 and CC2, for example, the control unit 130
of the terminal 10 may measure a difference between
the timing at which the reception unit 120 receives a radio
frame on the CC1 and the timing at which the reception
unit 120 receives a radio frame on the CC2. The trans-
mission unit 110 of the terminal 10 may transmit to the
terminal 10 information indicative of the difference be-
tween the timing at which a radio frame is received on
the CC1 and the timing at which a radio frame is received
on the CC2, as measured by the control unit 130.
[0047] In the case in which the band combination form-
ing the CA is the one which does not support simultane-
ous transmission and reception by the terminal 10, for
example, the control unit 130 of the terminal 10 may pri-
oritize the transmission and reception of data on the CC
that is either a PCell or PSCell, regardless of whether
the portion overlapping between the CCs is UL transmis-
sion or DL reception.

<Base station 20>

[0048] FIG. 5 is a diagram illustrating an example of
the functional configuration of the base station 20. As
illustrated in FIG. 5, the base station 20 includes a trans-
mission unit 210, a reception unit 220, and a control unit
230. The functional configuration shown in FIG. 5 is only
an example. The manner of function segmentation and
the names of functional blocks do not matter as long as
the operations according to the embodiments can be per-
formed.
[0049] The transmission unit 210 has the function to
generate a signal to be transmitted to the terminal 10 and
to transmit the signal wirelessly. The reception unit 220
has the function to receive various signals transmitted
from the terminal 10 and to acquire higher-layer informa-
tion, for example, from the received signals. The recep-
tion unit 220 includes a measuring unit that measures a
received signal to acquire a reception power and the like.
[0050] The control unit 230 controls the base station
20. The function of the control unit 230 relating to trans-
mission may alternatively be included in the transmission
unit 210, and the function of the control unit 230 relating
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to reception may alternatively be included in the reception
unit 220.
[0051] In the case of carrier aggregation being config-
ured by CC1 and CC2, for example, the reception unit
220 of the base station 20 may receive information indi-
cating a difference between the timing at which the ter-
minal 10 receives a radio frame on the CC1 and the timing
at which the terminal 10 receives a radio frame on the
CC2.
[0052] In the case in which the band combination form-
ing the CA is the one which does not support simultane-
ous transmission and reception by the terminal 10, for
example, the control unit 230 of the base station 20 may
prioritize the transmission and reception of data on the
CC that is either a PCell or PSCell, regardless of whether
the portion overlapping between the CCs is UL reception
or DL transmission.

<Hardware configuration>

[0053] The block diagrams (FIG. 4 to FIG. 5) used for
the description of the above embodiments illustrate
blocks of functional units. These functional blocks (com-
ponents) are implemented by any combination of at least
one of hardware or software. In addition, the implemen-
tation method of each functional block is not particularly
limited. That is, each functional block may be implement-
ed using a single device that is physically or logically
combined, or may be implemented by directly or indirectly
connecting two or more devices that are physically or
logically separated (e.g., using wire or radio) and using
these multiple devices. The functional block may be im-
plemented by combining software with the above-de-
scribed one device or the above-described plurality of
devices. Functions include, but are not limited to, judg-
ment, decision, determination, computation, calculation,
processing, derivation, research, search, verification, re-
ception, transmission, output, access, resolution, choice,
selection, establishment, comparison, assumption, ex-
pectation, deeming, broadcasting, notifying, communi-
cating, forwarding, configuring, reconfiguring, allocating,
mapping, assigning, and the like. For example, a func-
tional block (component) that functions to transmit is
called a transmitting unit or a transmission unit. In either
case, as described above, the implementation method
is not particularly limited.
[0054] For example, the terminal 10 and the base sta-
tion 20 according to the embodiments of the present in-
vention may function as computers performing the proc-
ess of the radio communication according to the embod-
iments of the present invention. FIG. 6 is a diagram illus-
trating an example of a hardware configuration of the
terminal 10 and the base station 20 according to the em-
bodiment. Each of the above-described terminal 10 and
the base station 20 may be physically configured as a
computer device including a processor 1001, a memory
1002, a storage 1003, a communication device 1004, an
input device 1005, an output device 1006, a bus 1007,

or the like.
[0055] Note that, in the following description, the term
"device" can be replaced with a circuit, a device, a unit,
or the like. The hardware configuration of the terminal 10
and the base station 20 may be configured to include one
or more of the devices depicted in the figures, which are
indicated by 1001 through 1006, or may be configured
without some devices.
[0056] Each function of the terminal 10 and the base
station 20 is implemented by loading predetermined soft-
ware (program) on hardware, such as the processor 1001
and the memory 1002, so that the processor 1001 per-
forms computation and controls communication by the
communication device 1004, and at least one of reading
and writing of data in the memory 1002 and the storage
1003.
[0057] The processor 1001, for example, operates an
operating system to control the entire computer. The
processor 1001 may be configured with a central
processing unit (CPU: Central Processing Unit) including
an interface with a peripheral device, a control device, a
processing device, a register, or the like.
[0058] Additionally, the processor 1001 reads a pro-
gram (program code), a software module, data, or the
like from at least one of the storage 1003 and the com-
munication device 1004 to the memory 1002, and exe-
cutes various processes according to these. As the pro-
gram, a program is used which causes a computer to
execute at least a part of the operations described in the
above-described embodiment. For example, the control
unit 130 of the terminal 10 may be implemented by a
control program that is stored in the memory 1002 and
that is operated by the processor 1001. While the various
processes described above are described as being ex-
ecuted in one processor 1001, they may be executed
simultaneously or sequentially by two or more processors
1001. The processor 1001 may be implemented by one
or more chips. The program may be transmitted from a
network via a telecommunications line.
[0059] The memory 1002 is a computer readable stor-
age medium, and, for example, the memory 1002 may
be formed of at least one of a Read Only Memory (ROM),
an Erasable Programmable ROM (EPROM), an Electri-
cally Erasable Programmable ROM (EEPROM), and a
Random Access Memory (RAM). The memory 1002 may
be referred to as a register, a cache, a main memory
(main storage device), or the like. The memory 1002 may
store a program (program code), a software module, or
the like, which can be executed for implementing the ra-
dio communication method according to the embodi-
ments of the present disclosure.
[0060] The storage 1003 is a computer readable stor-
age medium and may be formed of, for example, at least
one of an optical disk, such as a Compact Disc ROM
(CD-ROM), a hard disk drive, a flexible disk, an optical
magnetic disk (e.g., a compact disk, a digital versatile
disk, a Blu-ray (registered trademark) disk), a smart card,
a flash memory (e.g., a card, a stick, a key drive), a floppy
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(registered trademark) disk, or a magnetic strip. The stor-
age 1003 may be referred to as an auxiliary storage de-
vice. The above-described storage medium may be, for
example, a database including at least one of the memory
1002 and the storage 1003, a server, or any other suitable
medium.
[0061] The communication device 1004 is hardware
(transmitting and receiving device) for performing com-
munication between computers through at least one of
a wired network and a wireless network, and is also re-
ferred to, for example, as a network device, a network
control unit, a network card, a communication module,
or the like. The communication device 1004 may be con-
figured to include, for example, a high frequency switch,
a duplexer, a filter, a frequency synthesizer, or the like
to implement at least one of frequency division duplex
(FDD: Frequency Division Duplex) and time division du-
plex (TDD: Time Division Duplex). For example, the
above-described transmission unit 110, reception unit
120, and the like may be implemented by the communi-
cation device 1004. Furthermore, the transmission unit
110 and the reception unit 120 may be implemented to
be physically or logically separated.
[0062] The input device 1005 is an input device (e.g.,
a keyboard, mouse, microphone, switch, button, or sen-
sor) that receives an external input. The output device
1006 is an output device (e.g., a display, speaker, or LED
lamp) that implements an external output. The input de-
vice 1005 and the output device 1006 may have an inte-
grated configuration (for example, a touch panel).
[0063] Each device, such as the processor 1001 and
the memory 1002, is also connected by the bus 1007 for
communicating information. The bus 1007 may be
formed of a single bus or may be formed of different buses
between devices.
[0064] The terminal 10 and the base station 20 may
each include hardware, such as a microprocessor, a dig-
ital signal processor (DSP: Digital Signal Processor), an
Application Specific Integrated Circuit (ASIC), a Pro-
grammable Logic Device (PLD), and a Field Program-
mable Gate Array (FPGA), which may implement some
or all of the functional blocks. For example, processor
1001 may be implemented using at least one of these
hardware components.

(Conclusion of the embodiments)

[0065] In this specification, at least the following termi-
nal, base station, and communication method are dis-
closed.
[0066] A terminal including a control unit that meas-
ures, for a first component carrier and a second compo-
nent carrier forming a carrier aggregation in a case where
the carrier aggregation is to be executed, a difference
between a timing at which a radio frame is received on
the first component carrier and a timing at which a radio
frame is received on the second component carrier; and
a transmission unit that transmits information indicating

the difference measured by the control unit.
[0067] With the above-described configuration, report-
ing the difference in frame timing between the CCs from
the terminal to a base station allows the base station to
dynamically control the implementation of CA. For exam-
ple, the base station may perform control to release the
CA when the difference reported by the terminal is greater
than the MRTD.
[0068] The transmission unit may transmit the informa-
tion indicating the difference together with a measure-
ment report on the first component carrier and a meas-
urement report on the second component carrier.
[0069] With the above-described configuration, report-
ing the difference in frame timing between the CCs from
the terminal to the base station allows the base station
to dynamically control the implementation of CA. For ex-
ample, when the difference reported by the terminal is
greater than the MRTD, the base station may perform
control based on the measurement report received from
the terminal such that a component carrier having good
reception quality is selected, and the CA is released.
[0070] In a case where the difference is greater than
or equal to a maximum allowable value and the first com-
ponent carrier and the second component carrier forming
the carrier aggregation are a band combination that does
not support simultaneous transmission and reception by
the terminal, the control unit may prioritize data transmis-
sion and reception on a component carrier that is a pri-
mary cell or a primary secondary cell, between the first
component carrier and the second component carrier.
[0071] With the above configuration, when the timing
of UL transmission and the timing of DL reception overlap
at the terminal in the band combination that does not
support simultaneous transmission and reception by the
terminal, by prioritizing data transmission and reception
on the component carrier that is the primary cell or the
primary secondary cell, collision between UL transmis-
sion and DL reception at the terminal can be avoided.
[0072] In a case where the difference is greater than
or equal to a maximum allowable value and the first com-
ponent carrier and the second component carrier forming
the carrier aggregation are a band combination that does
not support simultaneous transmission and reception by
the terminal, the control unit may prioritize uplink trans-
mission if a reference signal and/or control information
is not received.
[0073] With the above-described configuration, when
the timing of UL transmission and the timing of DL recep-
tion overlap at the terminal in the band combination that
does not support simultaneous transmission and recep-
tion by the terminal, by prioritizing the UL transmission,
collision between UL transmission and DL reception at
the terminal can be avoided.
[0074] A base station including a reception unit that
transmits, for a first component carrier and a second com-
ponent carrier forming a carrier aggregation in a case
where the carrier aggregation is to be executed, informa-
tion indicating a difference between a timing at which a
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radio frame is received on the first component carrier by
a terminal and a timing at which a radio frame is received
on the second component carrier by the terminal; and a
control unit that schedules the terminal by taking into ac-
count the difference and priority levels of downlink trans-
mission and uplink transmission.
[0075] With the above-described configuration, report-
ing the difference in frame timing between the CCs from
the terminal to a base station allows the base station to
dynamically control the implementation of CA. For exam-
ple, the base station may perform control to release the
CA when the difference reported by the terminal is greater
than the MRTD.
[0076] A communication method executed by a termi-
nal, the method including measuring, for a first compo-
nent carrier and a second component carrier forming a
carrier aggregation in a case where the carrier aggrega-
tion is to be executed, a difference between a timing at
which a radio frame is received on the first component
carrier and a timing at which a radio frame is received on
the second component carrier; and transmitting informa-
tion indicating the difference.
[0077] With the above-described configuration, report-
ing the difference in frame timing between the CCs from
the terminal to a base station allows the base station to
dynamically control the implementation of CA. For exam-
ple, the base station may perform control to release the
CA when the difference reported by the terminal is greater
than the MRTD.

(Supplemental Embodiments)

[0078] While the embodiments of the present invention
are described above, the disclosed invention is not lim-
ited to the embodiments, and those skilled in the art will
appreciate various alterations, modifications, alterna-
tives, substitutions, or the like. Descriptions are provided
using specific numerical examples to facilitate under-
standing of the invention, but, unless as otherwise spec-
ified, these values are merely examples and any suitable
value may be used. Classification of the items in the
above descriptions is not essential to the present inven-
tion, and the items described in two or more items may
be used in combination as needed, or the items described
in one item may be applied (as long as there is no con-
tradiction) to the items described in another item. The
boundaries of functional units or processing units in the
functional block diagram do not necessarily correspond
to the boundaries of physical components. An operation
by a plurality of functional units may be physically per-
formed by one component or an operation by one func-
tional unit may be physically executed by a plurality of
components. For the processing procedures described
in the embodiments, the order of processing may be
changed as long as there is no contradiction. For the
convenience of the description of the process, the termi-
nal 10 and the base station 20 are described using func-
tional block diagrams, but such devices may be imple-

mented in hardware, software, or a combination thereof.
Software operated by a processor included in the termi-
nal 10 in accordance with the embodiments of the present
invention and software operated by a processor included
in the base station 20 in accordance with the embodi-
ments of the present invention may be stored in a random
access memory (RAM), a flash memory, a read-only
memory (ROM), an EPROM, an EEPROM, a register, a
hard disk (HDD), a removable disk, a CD-ROM, a data-
base, a server, or any other suitable storage medium.
[0079] Notification of information is not limited to the
aspects/embodiments described in the disclosure, and
notification of information may be made by another meth-
od. For example, notification of information may be im-
plemented by physical layer signaling (e.g., Downlink
Control Information (DCI), Uplink Control Information
(UCI), higher layer signaling (e.g., Radio Resource Con-
trol (RRC) signaling, Medium Access Control (MAC) sig-
naling, broadcast information (Master Information Block
(MIB), System Information Block (SIB))), or other signals
or combinations thereof. RRC signaling may be referred
to as an RRC message, for example, which may be an
RRC connection setup message, an RRC connection
reconfiguration message, or the like.
[0080] The aspects/embodiments described in this dis-
closure may be applied to a system using at least one of
Long Term Evolution (LTE), LTE-Advanced (LTE-A), SU-
PER 3G, IMT-Advanced, 4th generation mobile commu-
nication system (4G), 5th generation mobile communi-
cation system (5G), Future Radio Access (FRA), New
Radio (NR), W-CDMA (Registered Trademark), GSM
(Registered Trademark), CDMA2000, Ultra Mobile
Broadband (UMB), IEEE 802.11 (Wi-Fi (Registered
Trademark)), IEEE 802.16 (WiMAX (Registered Trade-
mark)), IEEE 802.20, Ultra-WideBand (UWB), Bluetooth
(Registered Trademark), any other appropriate system,
and a next generation system extended based on theses.
Additionally, a plurality of systems may be combined
(e.g., a combination of at least one of LTE and LTE-A
and 5G) to be applied.
[0081] The processing procedures, sequences, flow
charts, and the like of each aspect/embodiment de-
scribed in this disclosure may be reordered, provided that
there is no contradiction. For example, the methods de-
scribed in this disclosure present elements of various
steps in an exemplary order and are not limited to the
particular order presented.
[0082] The particular operation described in this dis-
closure to be performed by the base station 20 may be
performed by an upper node in some cases. It is apparent
that in a network consisting of one or more network nodes
having the base station 20, various operations performed
for communicating with the terminal may be performed
by at least one of the base station 20 and a network node
other than the base station 20 (e.g., MME or S-GW can
be considered, however, the network node is not limited
to these). The case is exemplified above in which there
is one network node other than the base station 20. How-
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ever, the network node other than the base station 20
may be a combination of multiple other network nodes
(e.g., MME and S-GW).
[0083] Input and output information may be stored in
a specific location (e.g., memory) or managed using man-
agement tables. Input and output information may be
overwritten, updated, or added. Output information may
be deleted. The input information may be transmitted to
another device.
[0084] The determination may be made by a value (0
or 1) represented by 1 bit, by a true or false value
(Boolean: true or false), or by comparison of numerical
values (e.g., a comparison with a predefined value).
[0085] The aspects/embodiments described in this dis-
closure may be used alone, in combination, or switched
with implementation. Notification of predetermined infor-
mation (e.g. "X" notice) is not limited to a method that is
explicitly performed, and may also be made implicitly
(e.g. "no notice of the predetermined information").
[0086] Software should be broadly interpreted to
mean, regardless of whether referred to as software,
firmware, middleware, microcode, hardware description
language, or any other name, instructions, sets of instruc-
tions, code, code segments, program code, programs,
subprograms, software modules, applications, software
applications, software packages, routines, subroutines,
objects, executable files, executable threads, proce-
dures, functions, or the like.
[0087] Software, instructions, information, or the like
may also be transmitted and received via a transmission
medium. For example, when software is transmitted from
a website, server, or other remote source using at least
one of wireline technology (such as coaxial cable, fiber
optic cable, twisted pair, digital subscriber line) and wire-
less technology (e.g., infrared or microwave), at least one
of these wireline technology and wireless technology is
included within the definition of a transmission medium.
[0088] The information, signals, or the like described
in this disclosure may be represented using any of a va-
riety of different techniques. For example, data, instruc-
tions, commands, information, signals, bits, symbols,
chips, or the like which may be referred to throughout the
above description may be represented by voltages, cur-
rents, electromagnetic waves, magnetic fields or mag-
netic particles, optical fields or photons, or any combina-
tion thereof.
[0089] The terms described in this disclosure and
those necessary for understanding this disclosure may
be replaced by terms having the same or similar mean-
ings. For example, at least one of the channels and the
symbols may be a signal (signaling). The signal may also
be a message. Furthermore, a component carrier (CC:
Component Carrier) may be referred to as a carrier fre-
quency, a cell, a frequency carrier, or the like.
[0090] As used in this disclosure, the terms "system"
and "network" are used interchangeably. The informa-
tion, parameters, or the like described in the present dis-
closure may also be expressed using absolute values,

relative values from predetermined values, or they may
be expressed using corresponding separate information.
For example, radio resources may be those indicated by
an index.
[0091] The names used for the parameters described
above are not restrictive in any respect. In addition, the
mathematical equations using these parameters may dif-
fer from those explicitly disclosed in this disclosure. Since
the various channels (e.g., PUCCH or PDCCH) and in-
formation elements can be identified by any suitable
name, the various names assigned to these various
channels and information elements are not in any way
limiting.
[0092] In this disclosure, the terms "Base Station," "Ra-
dio Base Station," "Fixed Station," "NodeB," "eNo-
deB(eNB)," "gNodeB (gNB)," "Access Point," "Transmis-
sion Point," "Reception Point," "Transmission/Reception
Point," "Cell," "Sector," "Cell Group," "Carrier," "Compo-
nent Carrier," and the like may be used interchangeably.
The base stations may be referred to in terms such as
macrocell, small-cell, femto-cell, or pico-cell.
[0093] The base station can accommodate one or
more (e.g., three) cells. Where the base station accom-
modates a plurality of cells, the entire coverage area of
the base station can be divided into a plurality of smaller
areas, each smaller area can also provide communica-
tion services by means of a base station subsystem (e.g.,
an indoor small base station (RRH) or a remote Radio
Head). The term "cell" or "sector" refers to a portion or
all of the coverage area of at least one of the base station
and base station subsystem that provides communica-
tion services at the coverage.
[0094] In this disclosure, terms such as "mobile station
(MS: Mobile Station)", "user terminal", "user equipment
(UE: User Equipment)", "terminal", or the like may be
used interchangeably.
[0095] The mobile station may be referred to by one
of ordinary skill in the art as a subscriber station, a mobile
unit, a subscriber unit, a wireless unit, a remote unit, a
mobile device, a wireless device, a wireless communi-
cation device, a remote device, a mobile subscriber sta-
tion, an access terminal, a mobile terminal, a wireless
terminal, a remote terminal, a handset, a user agent, a
mobile client, a client, or some other suitable term.
[0096] At least one of a base station and a mobile sta-
tion may be referred to as a transmission unit, receiver,
communication device, or the like. At least one of a base
station and a mobile station may be a device installed in
a mobile body, a mobile body itself, or the like. The mobile
body may be a vehicle (e.g., a car or an airplane), an
unmanned mobile (e.g., a drone or an automated vehi-
cle), or a robot (manned or unmanned). At least one of
a base station and a mobile station includes a device that
does not necessarily move during communication oper-
ations. For example, at least one of a base station and
a mobile station may be an Internet of Things (IoT) device
such as a sensor.
[0097] In addition, the base station in the present dis-
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closure may be replaced with the user terminal. For ex-
ample, various aspects/embodiments of the present dis-
closure may be applied to a configuration in which com-
munication between the base station and the user termi-
nal is replaced with communication between multiple us-
er terminals (e.g., may be referred to as Device-to-Device
(D2D) or Vehicle-to-Everything (V2X)). In this case, a
configuration may be such that the above-described
function of the base station 20 is included in the terminal
10. The terms "up" and "down" may also be replaced with
the terms corresponding to terminal-to-terminal commu-
nication (e.g., "side"). For example, an uplink channel, a
downlink channel, or the like may be replaced with a side-
link channel. Similarly, the user terminal according to the
present disclosure may be replaced with a base station.
In this case, a configuration may be such that, the function
included in the above-described terminal 10 may be in-
cluded in the base station 20.
[0098] The term "connected" or "coupled" or any vari-
ation thereof means any direct or indirect connection or
connection between two or more elements and may in-
clude the presence of one or more intermediate elements
between two elements "connected" or "coupled" with
each other. The coupling or connection between the el-
ements may be physical, logical, or a combination of
these. For example, "connection" may be replaced with
"access". As used in the present disclosure, the two el-
ements may be considered as being "connected" or "cou-
pled" to each other using at least one of the one or more
wires, cables, and printed electrical connections and, as
a number of non-limiting and non-inclusive examples,
electromagnetic energy having wavelengths in the radio
frequency region, the microwave region, and the light
(both visible and invisible) region.
[0099] The reference signal may be abbreviated as RS
(Reference Signal) or may be referred to as a pilot, de-
pending on the standard applied.
[0100] As used in this disclosure, the expression
"based on" does not mean "based on only" unless oth-
erwise specified. In other words, the expression "based
on" means both "based on only" and "at least based on."
[0101] As long as "include," "including," and variations
thereof are used in this disclosure, the terms are intended
to be inclusive in a manner similar to the term "compris-
ing." Furthermore, the term "or" used in the disclosure is
intended not to be an exclusive OR.
[0102] In the present disclosure, for example, if an ar-
ticle is added by translation, such as "a," "an," and "the"
in English, the present disclosure may include that the
noun following the article is plural.
[0103] In the present disclosure, the term "A and B are
different" may imply that "A and B are different from each
other." Note that the term may also imply "each of A and
B is different from C." The terms, such as "separated" or
"coupled," may also be interpreted similarly.
[0104] While the present invention is described in detail
above, those skilled in the art will appreciate that the
present invention is not limited to the embodiments de-

scribed in this specification. The present invention may
be implemented as modifications and variations without
departing from the gist and scope of the present invention
as defined by the claims. Accordingly, the description of
this specification is for illustrative purposes only and is
not intended to have any restrictive meaning with respect
to the present invention.

LIST OF REFERENCE SYMBOLS

[0105]

10 terminal

110 transmission unit
120 reception unit
130 control unit
20 base station
210 transmission unit
220 reception unit
230 control unit
1001 processor
1002 memory
1003 storage
1004 communication device
1005 input device
1006 output device

Claims

1. A terminal comprising:

a control unit that measures, for a first compo-
nent carrier and a second component carrier
forming a carrier aggregation in a case where
the carrier aggregation is to be executed, a dif-
ference between a timing at which a radio frame
is received on the first component carrier and a
timing at which a radio frame is received on the
second component carrier; and
a transmission unit that transmits information in-
dicating the difference measured by the control
unit.

2. The terminal according to claim 1, wherein the trans-
mission unit transmits the information indicating the
difference together with a measurement report on
the first component carrier and a measurement re-
port on the second component carrier.

3. The terminal according to claim 1, wherein, in a case
where the difference is greater than or equal to a
maximum allowable value and the first component
carrier and the second component carrier forming
the carrier aggregation are a band combination that
does not support simultaneous transmission and re-
ception by the terminal, the control unit prioritizes
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data transmission and reception on a component
carrier that is a primary cell or a primary secondary
cell, between the first component carrier and the sec-
ond component carrier.

4. The terminal according to claim 1, wherein, in a case
where the difference is greater than or equal to a
maximum allowable value and the first component
carrier and the second component carrier forming
the carrier aggregation are a band combination that
does not support simultaneous transmission and re-
ception by the terminal, the control unit prioritizes
uplink transmission if a reference signal and/or con-
trol information is not received.

5. A base station comprising:

a reception unit that transmits, for a first compo-
nent carrier and a second component carrier
forming a carrier aggregation in a case where
the carrier aggregation is to be executed, infor-
mation indicating a difference between a timing
at which a radio frame is received on the first
component carrier by a terminal and a timing at
which a radio frame is received on the second
component carrier by the terminal; and
a control unit that schedules the terminal by tak-
ing into consideration the difference and priority
levels of downlink transmission and uplink trans-
mission.

6. A communication method executed by a terminal,
the method comprising:

measuring, for a first component carrier and a
second component carrier forming a carrier ag-
gregation in a case where the carrier aggrega-
tion is be executed, a difference between a tim-
ing at which a radio frame is received on the first
component carrier and a timing at which a radio
frame is received on the second component car-
rier; and
transmitting information indicating the differ-
ence.

19 20 



EP 4 106 389 A1

12



EP 4 106 389 A1

13



EP 4 106 389 A1

14



EP 4 106 389 A1

15



EP 4 106 389 A1

16



EP 4 106 389 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 4 106 389 A1

18

5

10

15

20

25

30

35

40

45

50

55



EP 4 106 389 A1

19

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Non-patent literature cited in the description

• 3GPP TS 38.331 V15.8.0, December 2019 [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

